The electrochemical oxidation of cibacron red FN-R (CB) has been studied by cyclic voltammetry (CV) and differential pulse voltammetry (DPV) at a glassy carbon electrode (GCE) in phosphate buffer solutions of pH (2.54-11.79) used as supporting electrolytes. The voltammetric behaviour showed that the electro-oxidation process gave rise to a single peak at 0.692 V vs. Ag-AgCl using DPV in phosphate buffer solution at (pH 3.34). The oxidation process was shown to be irreversible and adsorption-controlled. An analytical method was developed for the determination of cibacron red FN-R in phosphate buffer solution at (pH 3.34) as supporting electrolyte. The anodic peak current varied linearly with cibacron red FN-R concentration in the range 2.0×10 −6 mol L -1 to 1.0×10 −5 mol L −1 of cibacron red FN-R with a limit of detection (LOD) of 4.49×10 −7 mol L −1 and limit of quantification (LOQ) of 1.49×10
Introduction
Natural pigments and synthetic dyes are extensively used in various fields of everyday life, including food production, textile industry, paper production, agricultural practice research and water science and technology. A number of synthetic dyes and pigments, which are becoming extensively scattered throughout the environment, has a significant impact on the environment and can cause adverse toxicological side effects; therefore, the need for development of effective, rapid and reliable analytical methods with sufficient detectability to quantify them in different samples should deserve particular attention. Among the several analytical methods, UV-vis spectrophotometry [1] , immunoassays [2] , and chromatography [3, 4] , capillary electrophoresis [5] [6] [7] , and Raman spectroscopy [8] have been reported. Recently, voltammetric methods in the analysis of reactive dyes have been investigated [9] [10] [11] [12] [13] [14] [15] , based on electrochemical reduction of azo dyes groups. To the best of our knowledge, no methods have appeared in the literature based on the electrochemical redox properties of cibacron red FN-R. Thus, the aim of the present work is the investigation of the electrochemical oxidation behavior of the cibacron red FN-R on glassy carbon electrode using cyclic and differential pulse voltammetry, and then developing a voltammetric method for cibacron red FN-R dye determination. The electroanalytical technique provides the advantage of simplicity, low cost, relatively short analysis time and direct analysis, without any extraction, clean-up, or pre-concentration steps.
Experimental

Apparatus
The voltammetry experiments were performed using CHI610C Electrochemical Analyzer controlled by CHI Version 9.09 software (CH Instruments, USA). A three-electrode system was composed of a glassy carbon (BAS model MF-2012, Φ=3 mm) working electrode, an Ag/AgCl/3 M KCl (BAS model MF-2063) reference electrode and a platinum wire (BAS model MW-1032) counter electrode. The working electrode surface was polished with 0.3 and 0.05 µm alumina slurries before each measurement. The UV/vis-absorption spectra were recorded on a double beam Perkin Elmer UV-Visible spectrophotometer equipped with a PC for data processing UV Winlab-Ver 2.80.03 (Perkin Elmer USA) using a 1.0 cm cell at 0.2 nm intervals, in the range of 200-700 nm. A CG 808 (Schott Gerate, Germany) digital pH-meter with glass combination electrode served to carry out the pH measurements. −3 mol L −1 ) was prepared in double distilled water, and stored in a dark bottle. Phosphate buffer solutions were prepared by adding appropriate amounts of o-phosphoric acid; potassium dihydrogen phosphate and disodium hydrogen phosphate in double distilled water [16] , were used as supporting electrolytes. High-purity reagents were employed in all experiments. All solutions were papered using doubly distilled water.
Reagents
Procedure
For voltammetric measurement, 5 mL of the electrolyte solution were transferred into the voltammetric cell. After measurement of the blank solution in the anodic direction from 0.3 to 1.0 V, the appropriate amount of cibacron Red FN-R solution was added and the anodic potential sweep was carried under different operational parameters. Before each measurement, the glassy carbon electrode was polished manually with 0.5 mm alumina dispersed in bi-distilled water on a smooth polishing cloth and gently dried with a tissue paper. All measurements were carried out at room temperature. The peak heights were evaluated as the differences between each voltammogram and the background electrolyte voltammogram.
Preparation and analysis of synthetic industrial effluent samples
The stock solution of cibacron red FN-R (1.0×10 -4 mol L -1 ) was hydrolysed to convert it to the form in which it is normally found in industrial effluents. The hydrolysis was done by adjusting the pH to 10.6, followed by heating to 60
• C for 1 h, then aliquot solution was transferred to a voltammetric cell containing phosphate buffer (pH 3.34) 0.2 M. The differential-pulse voltammogram was subsequently recorded by employing amplitude 50 mV, pulse width 50 ms, and sample width, 0.02 S. The content of the dye in synthetic industrial effluents was determined referring to the regression equation. 
Results and discussion
Firstly, differential pulse voltammetry was used to characterize the electrochemical behavior of the cibacron at GCE electrode.The electrochemical oxidation of cibacron was studied over a wide pH range between 2.54 and 8.70.
The DP voltammograms in Fig. 1 were all recorded in solutions of 2.0×10 −5 mol L −1 cibacron in different electrolytes of 0.2 M ionic strength. The compound gave a well-defined single signal up to (pH 2.54). As the pH increased, another peak also appeared within pH range (2.54 to 8.70). No electroactivity was found for (pH >8.70) even for higher concentration, showing that cibacron is not oxidizable in these conditions. Fig. 2 (A and B) also shows the influence of the pH on the peak potential and peak current of the oxidation steps. The graph of peak (1) shows an independent relationship between pH and potential, which can be attributed to a fast chemical protonation/deprotonation process. The peak current reached the highest values at (pH 3.34), and this was selected as the optimum value for quantitative analysis. Fig. 3A . The curve obtained for oxidation of CB dye presents one anodic peak at 0.798 V. The fact that no peak was observed in the reverse scan suggests that the oxidation process is an irreversible one. The influence of the scan rate (ν) ranging 5-60 mVs −1 on the peak current was evaluated at pH 3.34. The plot of Log i p versus Log ν gave a straight line of slope of 0.86, according to the equation: Log i p =A + B Log ν, where A is the intercept and B is the slope. This indicates that cibacron oxidation at the electrode surface is an adsorption-controlled process [17] . Cibacron red FN-R, showed a positive shift in the peak potential, a further indication of the irreversibility of dye electrochemical oxidation process. Cyclic voltammograms of CB dye at (pH 8.39) exhibited two peaks on the forward scan Fig. 3B . No anodic peak appeared on reversing the direction of the voltage sweep just after the initial reduction peak, suggesting the irreversible nature of the electrode reaction under these conditions. Based on the voltammetric behavior of cibacron red FN-R, a quantitative method was developed. Differential pulse voltammetry has been used to gather calibration curve data for cibacron red FN-R; as the DPV has well-established advantages, including good discrimination against background current, and low detection and determination limits [18] . Best results were obtained at pulse amplitude 50 mV, pulse width 50 ms, and sample width, 0.02 S. A set of DP voltammograms in phosphate buffer (0.2 M, pH 3.34), illustrating the variation of peak (1) A UV-Vis spectrophotometric method was developed for the determination of cibacron red FN-R and the results were compared. Fig. 5 
Conclusion
The electrochemical behaviour of Cibacron red FN-R was studied at glassy carbon electrode by cyclic and differential pulse voltammetry. The cibacron red FN-R showed an irreversible oxidation peak/peaks. The electrochemical process is adsorption controlled. Our findings indicate that the developed differential pulse voltammetric method provides the advantage of simplicity, precision and reliability, and shows to be capable of determining cibacron red FN-R at very low levels. This method was proposed for the determination of the dye in spiked synthetic industrial effluent samples and the results are satisfactory.
